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FOREWORD
(Nontechnical summary)

An improvement in NUMIT-ONE (AFRRI Scientific Report SR65-1, October
1965) is described. Simpson's Rule is still used to perform the integration but
changes in the coding remove the need for a large array. The number of multiplica-
tion operations done during a run has also been vastly reduced resulting in significant

savings in machine time.
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ABSTRACT
An improvement on NUMIT-ONE, a one-dimensional numerical integration pro-
gram for the IBM 1620, is reported. Accuracy, input and output formats, source

program, flow charts and test problems are discussed.



I. INTRODUCTION

This is an amendment to NUMIT-ONE, a numerical integration program in one-
dimension for the IBM 1620 computer, AFRRI Scientific Report SR65-1. Appendix D
contains a glossary of terms used in this report.

Further analysis of the problem resulted in the elimination of a large array
thereby making the program smaller and the number of multiplication operations
fewer. This reduction in size enabled compilation with a larger precision parameter*
(thereby increasing accuracy) and the fewer operations decreased the length of running
time.

Successive approximations to the integral are now computed with J successively

1, 2, ..., using
AXy
Fy@,b) = 5 [f@)+f®)+2 . Cg+4 . DJ]
in which
- |b-a
AXy -Ile
J
2°
Cy = Z;lf(a+2m-AXJ), J>1; Cy=0ifJ=1
m::

od
2|
Dy = m>:;=1 fa + [2m-1] AXy)

Thus for the J + 1th iteration:

Ci+1 = Dg+Cyg

* A precision parameter is the number of arithmetic places to which quantities will be
held during computation and may be specified on a control card that precedes the
rest of the deck in IBM 1620 FORTRAN II.
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and only two summed quantities in the main equation need be multiplied rather than
entire arrays.

Input and output formats are slightly changed from the original version.

II. ACCURACY

Reduced truncation error has improved the accuracy. An inherent weakness in
Simpson's Rule makes it difficult or impossible to integrate over the intervals of
functions where the slope approaches infinity. In the current version it is still diffi-
cult but if a large number of iterations are used and the precision parameter is large
enough, an accurate answer will be obtained. Test Case 1 (Appendix C) of the current
report illustrates this. The slope of this function approaches infinity at the start and
end of this interval. By allowing 11 iterations and holding quantities to 10 places, an
answer accurate to 5 places was computed.

Breakdown will definitely occur when the integral is close to zero, resulting
from an integrand taking on both positive and negative values over the interval of
integration. A function such as this should be integrated in parts.

Input for the program has been changed slightly to make this division of the
integration interval more amenable and there are no limits on the number of parts
used. This situation reveals itself readily by the erratic behavior of DELTA (AJ).
Test Case 2 (Appendix C) illustrates what happens when integration is attempted over
the whole interval of such an integrand and Test Case 3 illustrates the proper method

of splitting the integration into parts.



III. INPUT LIMITATIONS

The integrand, f(x), may be any function for which the integral exists; also
()< a,b< (+=), b #a.

The total number of iterations allowed is J;,,x (an input parameter) where
2 £ Jmax < 100. Iteration is stopped whenever either

Ar< A or J=JImax

While Jy,5% can be any number up to 100, it should not be too high. Each itera-
tion roughly doubles the machine time. Generally, for more than 13 or 14 iterations,
machine time is measured in hours.

The integrand, f(x), is provided by a subprogram of the FUNCTION type named
FUNX). FUN must appear on the left of an arithmetic statement whose right is the
integrand. The subprogram source deck must be preceded at compilation time by a
precision parameter card identical to the precision parameter card, if any was used,

of the main source deck.

Iv. INPUT AND OUTPUT FORMATS

Input Card Format

The following quantities are specified in the input (floating point numbers are
in lower case, fixed point numbers in upper case).
Card 1
Columns 1-80 contain alphanumeric identification. It is reproduced in the

output but does not affect the processing.



Card 2

Columns 1-36 Integrand Specification Card. Contains alphanumeric
information to identify integrand in output. This does

not affect processing.

tard 3 Format
Columns 1-12 a E 12.6
Columns 13-24 b E 12.6
Columns 25-28 A F 4.4
Columns 29-30 Jyax I 2

Following card 3 may be any number of cards specifying new values of a, b, A,
and Jymax. Input format is the same as card 3. The final card is a trailer card with

zeros punched in columns 29-30.

Input Deck Assembly

Input decks are assembled as in the original NUMIT-ONE with the FUN(X) sub-

program replacing the POINT subprogram.

Errors in Input

The input error check is the same as before except that in the amended version

Jdmax may have any value up to 99. A check is made to see if Jpax < 2.

Output
The output has three main stages; the identification is punched as follows:
(a) Alpha Identification Card
(b) Program name (NUMIT-ONE)

(c) FX) = Columns 1-36 of Integrand Specification Card.



Next, the input a, b, Jmax, and DELTA 1 are punched followed by the results

of the computation with the following data given for each iteration (J =2, ... Jget):
(a) Iteration number
(b) Value of integral

(c) DELTA

The final value for DELTA < DELTA 1 or Jg.t = Jmax is noted by the term
(PASS N) in the last line of the output, where N =1,2,..99 is the pass number.

If more cards specifying new values of a, b, Jy,,x and DELTA 1 are input, the
above cycle will be repeated until all input cards have been processed. The final part
of the output is furnished when the trailer card is read. The number of passes (N) is
punched, followed by the total value of the integral for all passes. The last card

punched, showing satisfactory completion of the program, is "END'" and the program

stops.

A set of output listings for sample problems is given in Appendix C.

V. OPERATION
Operation is the same as before except a trailer card is now used to stop the

computation. No switches are used.



APPENDIX A

Flow Charts

-0 Store:
Total Sum = Sum + Q(I)-f(I) - f(I) = fun

Go to
Iy 5| subprogram
[=1+1 to compute
fun = f(a + I+ Ax)
A
Y
Check input- AN = 3% gumex I=0
stop if error e
is found J=J+1 A
Count = 0
I Punch: gﬁmf;g 0
this trailer first part N : Nat >
card? of output J=1 i
K2 =2
Punch: =1
N, Total w Sumfx =10
END
Go to Y
| Sumfx = - subprogram | s
Sumfx + fun(x) | to compute e (Bl D
fun (x) Iy
» I=1+1

*Note:
Point No.
Flow Chart No.

Flow Chart A-1



AN2 =

A?)_x (4 Sumfx + Sum)

*Note:

_ |AN1 = ANS
":"J"i AR

Count =
Count + 1

Point No.
Flow Chart No.

Flow Chart A-2




APPENDIX B

Source Program

In the program, the following symbols are used which are unexplained in the

mathematical description:

N = counter to keep track of number of passes
DELTA 1 = A = input convergence criterion
AN1 = FgJ-.1 =previous approximation
AN2 = Fg =current approximation
2J—l
SUMFX = 3 f@+[2m-1] Ax)
m=1
oJ
5 -1
SUM = f(a) + £(b) + 221 2 - fa+2m * Ax)
m__.
COUNT = counter used to count successive times Fy =0



. %1010
c

NUMFRIC TINTFGRATTaN USTNG SIMPSHN= RuCKWFLI=""7<16-6&6  AFRRI=NNMC =

NIMFNSTIaN FI3)»P(3)e0(3),11(3)

P(1)=1.

Q(3)=1.

N=n
TaTAL=0.

READ INPUT AND ALPHA INENTIFICATTnN CARD

REANIN2
PUNCH102

.

REAN101,A¢RyDELTALsJMAX

PUNCHIN3
REAN 114, (U(T)I=1,9)

PUNCHI1G (U(T) ¢ 1=1+9)

TEST_INPUT FuR VALIDITY, IF ukAY PUNCH NFXT PART mF ulTPUT

26
25
= o
28

IF(UMAX=2)2A 26027
IF(N)25025,29
PUNCH106

STap n
IF(R=A)2292R022
PUNCH104

22
24

23

STup

IF(NFLTAL1) 230204023

leNC“'l ns i =y = =t e s Sammamiic f st s cmese memea — - ———. ——— s e m e s . e e
SIuD'. g
PUNCH10G By JMAX
PUNCH110,A»NFLTA1

21

3

INITIALIZATIuN FuR START
cuunT=0,. —
QUM:n .
SUMFEX=0.
N=N+1

INEST

KZ:? b R T 0 ORI OO0 S0 O g R A L ) —y _ e—— .
NELY=(R=A)/(2.%%]) S e
Do 37=1.3

AI=T-1

X= A+ AT*DELX
FITI)=FUN(X)

SUM = SUM+QR(TI*F(T)

SUMFXSSUMFX4P(T)aF(I)
FIRST APPRu¥IMATION uf INTEGRAL T - e
AN1=NFLX*SUMFX/3. [ -

Jzd4+



O

on

G o 21
CALCUL ATFS FUNCTIBN MINWAY RFTWEFN CURRENT PHINTS
4 SUMFX=D.,. ' Al
N £ IZ1,K2
AT = 2%T1-1
X= A+AT*0FL.X
5 SUNMFX = SEMFY+FUN(X)
NFEXT APPRuXTMATIuN
AN2=NFL.X* (4 o xSUMFX+SUM ) /3.
TF(AN2)6r 1206
6 NELTAZARSF( (AN1=aN2)/AN2%100,)
IF(NFLTA=DFLTA1)17+s17418
18 TF (=JdhiAX) 19,1717
19 aAN1z=ANZ
QUi =SIIM +2 xSUMFX
PUNCHL12eJs ANL1.DFLTA
INITTALIZATTuN FuR NFXT ITFRATION 1 nopP
J=Jd*1
K2=20%K?
RACK Tu TTFRATIHMN TF VALUF HAS NnT CuNVFRGED FipUGH
G To 21 -

PUNCH FINAL ANSWFR FuR THIS PaSS aNn RFTURN FoR NEXT INPUT CARD
17 PUNCH 113edeNe ANZ2eDFLTA I )

TuTal =TuTal +AN2 i P

It Tua 4

~ FRR HANDI ING 7FRT ANSWFRS
12 CuUNT=CuliNT+1,
TF(CaUNT=2e)18e17¢17

PUNCH THF TrTAL ANSWFR AND HALT
29 PUNCH1L1A,NeTOTAL

STui
1ul FORMAT(OF12,.6¢Ft bel2)
102 FraR#AT(ROH )

1 )
103 FaReAT(/15X s 4RHNIIMIT aNF (BNF-DIM. INTEGRATIuN, SIMPSaNS RULF) )
104 FORMAT(15X ¢ 17HCHFCK INPUT - 4AZ=R) i I Tt
105 FHRVAT (15X ¢P22HCHFCK INPUT = DFLLTAI=0)

106 FORwAT(15Xe32HCHFCK INPUT = JUMaX nUTSTDE RANGEY
109 FaRFaT(ARX» LOHINPUT DATA/20X»2HASFI2.6e11X e 7HJI(MAX)Z,T12)
110 FORVAT(20X s 2HAZ»F12.60e 11X» 7THDFLTALI=Z»F10.8//718% s T0H ITFRATIONG1IX,

JHHINTFGRAL » 13X ¢ SHDFITA)

112 FORVAT(19X»T2e12XeF12.6010XeFRL3)
113 FRRUATIIOX o T2 e SHIPASS T30 1H) e 3XF12.6010%XeFR.3/77//)

314 Far:-AT(9AR) —T ’ T

115 FRRLAT(IGX e 7THE(X) = +G085,//)

116 FORVAT(3A2X e 12HNE. PASSFS =13/29X,16HTuTal INTFGRAL = F12.5/739¥, 7

1 AHF LN

FiD

10



APPENDIX C
Test Cases

Running time is still highly variable, but in general the time is now 30 to 50 per-
cent faster than in the old version as will be noted in the test cases. Also, accuracy
has been increased since quantities are now held to 10 significant figures.

Note the integrands of Cases 3(a) and 3(b) are identical to Case 2 and taken to-
gether duplicate Case 2. However, Case 3 produced a more accurate answer in a
small fraction of the time for Case 2 because the Case 2 integral took on positive and
negative values during the iteration attempting to approximate a zero answer while
Case 3 integrated nonzero portions and summed them.

Running time, as in the original report, is still dependent on the formula

t=K- 2Jact

Table I gives the new running times for the test cases.

TABLE I

fi==t Integrand a o s t t new x 100 K (min)

# t old

i Vii-2)@e-x) | -1 ] 1 | 11 | 12'50" 51.5 6.27x10 >
=3

2 sin(x) o | 2m| 11 | 16'50" 64.9 8.22x10
3(a) sin(x) ol ol 5 | 1 - 8.22x1073
3(b) sin(x) 0§ 20t 5 AW s 8.22x10™3
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TEST CASE 1

INPUT DATA

SOURCE STATEMENT OF SUBROUTINE

*1010

FUNCTIoN FUN(X)
FUN =SORTF((1.-X*X)*(2,-X))

RETURN
END

OUTPUT DATA

TFST FUNCTION 1

NUMIT ONF %ONE=DIM. INTEGRATION, SIMPSONS RULEN

F%Xu ﬂ SQRT%%I .-X*Xﬂ%Z.-Xﬂﬂ
INPUT DATA

B# .100000F&01 JEMAXRHE13
AHi-.100000F&01 DELTAI® .1000E-02

ITERATION INTEGRAL DELTA
2 .2N09138F&01 9.838
3 .216390F&01 3.351
4 .218943F&01 1.166
5 .219843F&01 .409
6 «220161F&01 144
7 .220273F&01 .050
8 .220312F&01 017
9 .220326F&01 T .006
10 «220331F&01 .002
11%PASS 1n .220333F801 0.000

NO. PASSES # 1

TOTAL INTEGRAL # 2.20333E-00
END




TEST CASE 2

INPUT DATA

SOURCE STATEMENT OF SUBROUTINE

*1010

FUNCTIuN FUN(X)
FUN = SINF(X)

RETURN
END

OUTPUT DATA

TFST FUNCTION 2

NUMIT ONF %ONE=DIM, INTEGRATION,» SIMPSONS RULEHN
FeXn 8  SIN%XH

INPUT DATA
B# .628319F&01 J¥MAXIH11
A# .000000F-99 DELTALE . T000E-02
ITERATION INTEGRAL NDELTA
3 -.628319F=09 100.000
4 -.523599F-09 20.000
5 «641408F=09 181.632
6 -.615229F=09 204.255
0/ -.187841F=08 67247
8 -.144971F=-08 29.571
9 «397608F=09 464.609
10 -.u43300F-08 108.969
11%PASS 1 =.274807F-08 61.312

NO. PASSES # 1
TOTAL INTEGRAL #-2.7u807F=09

END

13



TEST CASES 3(a) and 3(b)

OUTPUT DATA

TEST FUNCTIONS 3(a) and 3(b)

NUMIT ONF %ONE-DIM, INTEGRATION, SIMPSONS RULEm
F¥Xu # SIN%Xn

TNPUT DATA
BH# .314159F801 JYMAXTE11
A .000000F=99 ' DELTAIB .1000E=02
TTERATION TNTEGRAL DECTA
2 _ .200455F&01 4.481
3 .200026F&01 214
4 .200001F&01 .012
5%PASS 1m .200000F&01 0.000
INPUT DATA
BH .628319F&01 J¥MAXHAL 1
A# .314159E801 DELTA1H# .1000E=02
ITERATION INTEGRAL DELTA
2 ~.200455E801 4.GB81
3 ~-.200026F801 214
4 =.200001FR01 <012
5%PASS 2  -.200000F&01 0.000

NO. PASSES B 2
TOTAL INTEGRAL # 0.00000F=S9

END

14



Glossary

F; (a,b)

APPENDIX D

the approximation of the integral for the Jth iteration over the
interval (a,b)

the mesh interval for the Jth iteration
the integrand

the sum of the values of the integrand over the interval (a,b)
whose coefficients are 2

the sum of the values of the integrand over the interval (a,b)
whose coefficients are 4

used to denote iteration number

convergence number calculated for the Jth iteration
input convergence criterion number

beginning point of the integration interval

end point of the integration interval

used as an index in summation

maximum number of iterations permitted

actual number of iterations

constant used in estimating running time
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